Aim: To examine the knowledge, attitudes and awareness of food and drug interactions (FDI) among nurses with different levels of experience in their day to day practices. Background: The 2004 Institute of Medicine report (IOM), "Keeping Patients Safe," recognized the nursing profession as playing a critical role in patient safety (Dunton, 2007; McHugh & Lake, 2010) . Although new nurses possess a strong theoretical knowledge of nursing, experience from practice is important in providing a safer level of practice (Hill, 2010) .The retention of experienced nurses in practice, would require a continuous, career-long learning (Hill, 2010) .Medical errors resulting in Adverse Drug Reactions (ADRs), pose a significant public health problem. Studies on the knowledge, attitudes and awareness of FDI among nurses with different levels of experience are lacking. Methods: This was a cross sectional study which included a structured questionnaire. The study included a convenience sample of 278 nurses divided into 5 groups with different levels of experience: 0-4 years (66); 5-9 years (75); 10-14 years (45); 15-19 years (41); and ≥20 years. Results: There was statistical difference in knowledge and attitude to FDI among the 5 groups. 72.3 % of nurses had not observed food and drug interaction during their practice. Conclusion: The five groups all scored low in their knowledge of FDI. Most of the participants recommended in-house training on FDI every six (6) months.There is a significant difference in the knowledge of FDI among the five groups with different levels of nursing experience.
Background and Significance
Food and drug interactions (FDI) occur when specific nutrients in foods interact with drugs when ingested concomitantly. FDI can result in changes in the bioavailability, pharmacokinetics, pharmacodynamics and therapeutic efficacy of the medication. Dietary sources of vitamin K, such as spinach or broccoli, have been shown to cause a pharmacodynamic antagonism of warfarin thereby causing a need to increase the dosage requirement for warfarin. Grapefruit juice contains a bioflavonoid that inhibits CYP3A (define), an enzyme that is involved in the metabolism of many drugs (Andrade, 2014; Hanley, et al., 2011) . Such interaction can cause a 5-fold increase in the bioavailability of some drugs (Mason, 2010) .Especially, orally-administered drugs such as felodipine that are metabolized by CYP3A enzymes (Hanley et al., 2011) . Patients at high risk for FDI include elderly patients taking three or more medications (polypharmacy) for chronic conditions such as diabetes, hypertension, depression, high blood cholesterol, or congestive heart failure. Such patients should be assessed regularly for food and drug interactions (Moulyet al., 2015) . In 1999, the Institute of Medicine reported that as many as 98,000 deaths occur annually from medical errors (Committee on Quality of Health Care in America, IOM, 1999) . In the United States, the cost of managing drug-related morbidity and mortality is about $37.6 billion annually (IOM, 2010) . About half of the cost, is associated to preventable errors (AHRQ, 2010) . FDI (Food and Drug Interaction) , is one of the sources of Medication errors (Bushra et al., 2011) . Adverse Drug Reactions (ADRs), pose a significant public health problem. Several studies confirm that Registered Nurses, play an important role in patient safety (IOM,2004 (IOM, , 2010 .The Joint Commission on the Accreditation of Healthcare Organizations (JCAHO) requires that a thorough drug history be taken during hospital admission and adequate drug reconciliation during discharge (Unroe et al., 2010) . Nurses should be watchful in monitoring for possible FDI and in counseling patients on food and beverages to avoid when taking certain medications. It is imperative that nurses be current on potential FDI of medications to ensure that they function properly as patient advocates.The nursing profession plays a critical role in patient safety (Dunton, 2007) . The 2004 Institute of Medicine report (IOM), "Keeping Patients Safe," recognized the nursing profession as playing a critical role in patient safety (Dunton, 2007; McHugh & Lake, 2010) . Although new nurses possess a strong theoretical knowledge of nursing, experience from practice is important in providing a safer level of practice (Hill, 2010) . Research studies, suggest that a better patient outcome is linked to nursing experience (Aiken, Havens, & Sloane, 2009 ). The retention of experienced nurses in practice, would require a continuous, careerlong learning (Hill, 2010) . Nursing experience is defined as the time in practice and ability to self-reflect on encountered circumstances in taking decisions (Simmons, Lanua, Fonteyn, Hicks & Holm, 2003) . Experience does not confer expertise (Ericsson, Whyte, & Ward, 2007) . Another study, suggests that experience confers expertise (Bobay, Gentile, and Hagle, 2009) . Fewer medication errors and lower patient fall rates were observed in a large proportion of nurses with ≥5 years of experience (Blegen, Vaughn, & Goode, 2001) . This study examined the differences, in the knowledge, attitude, and awareness of food-drug interaction amongst nurses with different levels of experience (0-4, 5-9; 10-14; 15-19 and ≥20 years of experience).
Methods

Design
This was a cross-sectional descriptive survey using the validated, structured questionnaire of Jyoti et al. (2012) . The questionnaire is focused on common FDI.
Selection of Participants
The survey included a convenience sample of 278 nurses, divided into 5 groups (0-4 years, 5-9 years, 10-14 years 15-19 years and ≥20 years of nursing experience) from health care facilities in the District of Columbia metropolitan (DC-MD-VA) area. The study was carried out during the period of March -December 2014.
Ethical Considerations
Informed consent was obtained from all the participants before distribution of the Food and Drug Interaction questionnaire (FDIQ). Personal identifiers were excluded in the questionnaire. Institutional Review Board of Howard University, USA, approved this study.
Data Collection
The Jyoti et al. (2012) FDIQ was adopted for this study. There were 40 questions which included dichotomous, multiple choice and open-ended questions. Of the 40 questions, 35 tested participants' knowledge (Appendix I) and 4 tested participants' attitude to prevent FDI in their health care delivery (Appendix II). The FDIQ included questions regarding food interactions with antihypertensive, antithyroids, antidepressants, anticoagulants, antiretrovirals, peptic ulcer drugs and analgesics. The FDIQ also measured if the participant had noticed any food and drug interaction during their practice. One open-ended question was incorporated to get participants suggestions on the steps to take to increase the nurse's knowledge, awareness and practice of FDI. On average it took 30 minutes for participants to complete the questionnaire.
Data Analysis
Statistical analysis was carried out using the Statistical Package for the Social Sciences Statistics (SPSS) Version 22 (IBM-SPSS Inc., Chicago, Illinois). Results were expressed as mean±SD. Questions scored correct, were given one point while incorrect answers, were given a zero point. The maximum score for knowledge questions on FDI was 35 while the maximum score for practice questions was 4. The Pearson's chi-square test followed by the Mann-Whitney U test, were used to evaluate homogeneity of the data across the groups. One-way Analysis of Variance (ANOVA) was used to compare the total score among the different groups. The level of significance was set at p<0.05.
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Results
The survey was completed within nine months of the start of the study. The response rate was 100%, and all participants completed the FDIQ within 30 minutes.
Knowledge
The overall knowledge of the study participants was assessed based on their responses to the questionnaire (Appendix I). Table 1 shows the knowledge and comparison of the FDIQ among nurses with different levels of experience. The values reported for each question represent the percentage of the correct answers in each of the groups. With respect to timings of food and drug intake, most of the participants, were conversant with proton pump inhibitors (PPI e.g. omeprazole), non-steroidal anti-inflammatory drugs (NSAIDs) and thyroid hormones (levothyroxine), but were not aware of the antidiabetic drugs such as acarbose, glipizide, antacids and drug for tuberculosis (isoniazid) (Qs15 & 16). For these drugs, participants with 0-4 years of experience, scored better than nurses with 10-14, 15-19 and ≥20 years of nursing experience. For the question on the interaction of Coumadin with ginger or garlic (Q5), all of the participants scored low. All groups scored high on the interaction of theophylline with large amounts of tea, coffee and chocolates (Q1). Nurses with 10-14 years of nursing experience, scored low regarding common food and drug interactions such as consumption of cheese, processed meats, legumes, wine, beer, fava beans and fermented products with MAO inhibitors (Q3). All the groups scored low on the interaction ofgriseofulvin, ketoconazole and albendazole with fatty diets (Q7). Nurses with ≥20 years of nursing experience, scored better than other groups on the pharmacokinetic process where FDI occurs most (Q14). All groups scored low on the interaction of thyroid supplements with foods such as Brussels sprouts, cauliflower, millet and cabbage (Q11), and also on the interaction of digoxin with foods such as wheat bran, rolled oats and sunflower seeds (Q8). Compared to other groups, nurses with 15-19 years of nursing experience, scored high on the FDI of amiodaronewith grapefruit juice. There were no significant differences amongnurses with 5-9 and 10-14 years of nursing experience on their knowledge of FDI between diltiazem and grapefruit juice (Q24). The groups scored high on their knowledge of FDI between alcohol and metronidazole (Q20) and alcohol with cimetidine (Q22). The total scores on the knowledge test as displayed in Table 2 This is followed by nurses with 5-9 years of nursing experience. From the open-ended question on how knowledge and awareness of FDI may be improved, most of the participants felt it is important to update FDI every six months through nursing in-service training. Table 3 revealed that the nurses in the five groups took steps to prevent FDI. The participants agreed that before a drug is dispensed: the label on the container should be read, the package inserts listing the direction of use, warnings, interactions and precautions should be read in order to avoid FDI. Furthermore, the participants believe that drug capsules should not be taken separately unless as directed by the physician, and that medications should not be taken with alcohol. With respect to practice, nurses with 15-19 years of experience, more frequently took steps to prevent FDI while dispensing or giving medications. 
Attitude
Discussion
The present study was successful in evaluating the knowledge, awareness and attitude of FDI among nurses with varying levels of experience. With respect to knowledge of FDI, there were some significant differences among nurses with different levels of experience. Significant differences were noted on some individual questions such as interaction of Coumadin with garlic (Q5), timing of food with glipizide(Q16), and with actos (Q17). The result of this study, did not show that nurses with more years of experience scored better than nurses with less years in all FDI questions.This observation supports the strategy of retaining experienced nurses in the workforce for a longer period through cultivating a climate of continuous, career-long learning (Hill, 2010) .There was no significant differences among the five groups with respect to practice to prevent FDI. This means that the six rights of medication administration was observed by the five groups. Nurses with ≥20 years of experience more frequently observed FDI compared to the other groups. These differences could be that experienced nurses, integrate skill, cues, knowledge and intuition in patient care more than the less experienced nurses (Hill, 2010) . The results of this study with respect to the awareness of FDI, are in line with other studies that have shown that nursing experience is strongly correlated to patient outcomes and a higher levels of clinical performance (Dunton2007; Burritt & Steckel, 2009; Hill 2010) . Hill (2010) recommended that one of the strategies to prevent the threat of losing experienced nurses is cultivate a climate of continuous, career-long learning. Drug interaction does not only occur between two drugs. They can occur between drugs and between any kind of foreign substance (xenobiotica), food (e.g. grapefruit juice, broccoli, barbecue) as well as caffeine and alcohol (Haen, 2014) . Warfarin interacts with many foods (Nutescu et al., 2011) . Vegetables, such as broccoli, kale, spinach, rich in vitamin K, when consumed in large quantity, will interfere with the effectiveness and safety of warfarin (Bushra, 2011) . FDI occur when the presence of a food changes the bioavailability of a drug co-administered together. This variation can result in therapeutic failure especially with orally administered drugs (Mouly et al., 2015) . Foods can change drug bioavailability through various mechanisms which include change in gastric emptying, and changes in the activity of drug metabolizing enzymes (Kersemaekers et al., 2015) . Improper timing of foods and drugs are contributors to treatment failure (Jyoti et al., 2012) .
The participants from the five groups scored very low in some questions on the FDIQ such as the timing of foods and drugs such as propranolol, ACE inhibitors, glipizide, isoniazid, antacids, acarbose, voglibose. To enhance therapeutic effects, drugs such as glipizide, atenolol, captopril, isoniazid, and rifampicin that interact with foods should be taken on an empty stomach (Manrique et al., 2014; Winstanley et al., 1989) . A study showed that the administration of captopril on an empty stomach will decrease its absorption significantly (Nazari et al., 2011) . The five groups scored low on their knowledge of alcohol interaction with foods such as milk. Acute ethanol absorption, inhibits drug metabolism. Chronic alcohol consumption had been shown to affect the bioavailability of drugs consumed orally or by the parenteral route (McCance-Katz et al., 2013) . The five studied groups especially nurses with 0-4 and ≥20 years of nursing experience, scored poorly on the interaction of griseofulvin, ketoconazole and albendazole with fatty diets. These drugs have antifungal and anthelmintic properties. Earlier studies have shown that these drugs are poorly absorbed when administered orally. A high systemic concentration is observed when these drugs are coadministered with a fatty food (Omotoso et al., 2013) . The maximum plasma concentration of griseofulvin increased by 80% in the presence of high fat content meals. This increase is a result of enhanced solubilization of griseofulvin by fat (Palma et al., 1986) . Drugs with a large therapeutic index, produce a harmless effect when they interact with food (Mason, 2010) . Griseofulvin has a wide therapeutic index. However, at a high concentration, toxicity is observed because of concentration-dependent liver enzyme induction. Albendazole exhibits similar characteristics to griseofulvin in the presence of a fatty meal. Unlike griseofulvin, a high carbohydrate, low fat meal significantly reduces the plasma concentration of ketoconazole and albendazole (Mannisto et al., 1982) .
Drugs with low therapeutic index are more likely to produce a significant harmful effect when they interact with food (Mason 2010) . The five groups of participants, scored low in the interaction of digoxin with foods such as wheat bran, rolled oats and sunflower seeds. Digoxin is a drug that is commonly used in the management of atrial arrhythmias and congestive heart failure. Agents that affect intestinal motility have been shown to affect the rate and extent of absorption of orally administered digoxin (Hussain 2011) . Johnson et al. (1987) showed in sixteen healthy volunteers, concurrent administration of digoxin tablets with a meal high in fiber content decreased the extent of absorption of digoxin. Digoxin has a narrow therapeutic index. Therefore, changes in the bioavailability of digoxin will have a significant therapeutic effect. The consequence of a decrease in the plasma concentration of digoxin will lead to therapy failure.Drugs with low therapeutic indices such as phenytoin should be taken at set times with relation to meals (Mason, 2010; de Lima Toccafondo & Huang 2012; Carrillo, 2012) . The groups did poorly on the interaction of levodopa with a meal rich in protein. Levodopa is used in the management of Parkinson's disease. Its absorption from the small intestine is mediated through an unknown large neutral amino acids transport pump (Carmago et al., 2014) . The coadministration of Levodopa with dietary amino acids causes an increase in the competition for transport in the small intestine and at the blood-brain barrier, thus decreasing the bioavailability of Levodopa (Carmago et. al., 2014) . Question 14 tested participants on the pharmacokinetic process where interactions occur most. Nurses with ≥20 years of nursing experience, scored higher on this question than other groups. Similar scores were noticed on the effect of food on levothyroxine.
Conclusions
Our studies are in agreement with previous studies (Jyoti et al., 2012) that have shown that health care professionals lack knowledge about FDI. The study also reveal that experience does not confer expertise in the knowledge of food and drug interactions. Our study also supports research that has shown that experienced nurses possess more tactic knowledge than theoretical knowledge (Evans et al., 2006) . The study revealed that the level of awareness of FDI is directly related to the level of nurses' years of experience. About 28% of the study participants had recorded FDI during their clinical practice. Nurses ≥20 years of experience, had witnessed more FDI than nurses with 0-4, 5-9, 10-14, 15-19 years of experience. The present study showed that there is a significant difference in the knowledge of FDI among nurses with 0-4, 5-9, 10-14, 15-19 and ≥20 years of experience.However, no statistical differences were observed in some questions such as MAOI withtyramine containing foods (Q3), caffeine with diazepam (Q4), alcohol with metronidazole (Q20), digoxin with fiber (Q8), grapefruit juice with amiodarone (Q25). The meantotal score differences significant. All nurses that participated in this study proposed that food and drug interaction update should be an integral part of nursing in-service training.
Limitations
Limitations of this study are small sample size and use of higher statistical level analysis.
Enwerem & Okunji 7
Recommendations
Future research calls for a larger sample size and to assess FDI knowledge, attitude and awareness amongst nurses working in different clinical units, nurses with varied experience and education, and nurses working in different facility (hospital, nursing home, college), Regression, propensity analysis inclusive is recommended in future for variables' interactions, to enable more validated results.
